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project managers who work with the design teams. The design strategies 
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designdisciplines and goals: (1) site design; (2) daylighting and windows; 

(3) energy-efficient building shell; (4) lighting andelectrical systems; (5) 
mechanical and ventilation systems; (6) renewable energy systems; (7) water 
conservation; (8) recycling systems and waste management; (9) transportation; 
and (10) resource-efficient building products. An additional chapter 
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Introduction to the Manual 



The U.S. Department of Energy’s Rebuild America EnergySmart Schools program provides school 
boards, administrators, and design staff with guidance to help make informed decisions about energy 
and environmental issues important to school systems and communities. The National Best Practices 
Manual for Building High Performance Schools is a part of the suite of products developed to promote 
energy efficiency and renewable energy in schools. It was developed specifically for architects and 
engineers who are responsible for designing or retrofitting schools, and for the project managers who 
work with the design teams. 

The Energy Design Guidelines for High Performance Schools, available for seven climate zones 
across the United States, was developed for school boards, administrators, and design staff to help 
make informed design decisions about energy and environmental issues important to school systems 
and communities. To obtain a copy of the Energy Design Guidelines for High Performance Schools for 
a particular climate zone (shown in the map on the following page), contact the U.S. Department of 
Energy’s Energy Efficiency and Renewable Energy Clearinghouse (EREC) at 800-DOE-EREC (800- 
363-3732). 
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Figure 1 - Seven U. S. Climate Zones 

The design strategies presented here are organized into 10 chapters covering important design 
disciplines and goals: site design; daylighting and windows; energy-efficient building shell; lighting and 
electrical systems; mechanical and ventilation systems; renewable energy systems; water conservation; 
recycling systems and waste management; transportation; and resource-efficient building products. An 
additional chapter addresses commissioning and maintenance practices. Applying these guidelines will 
result in schools that are healthy, comfortable, energy efficient, resource efficient, water efficient, safe, 
secure, adaptable, and easy to operate and maintain. 



The Design Process 




The characteristics of a high performance school reflect a mix of environmental, economic, and social 
objectives. The design process used to achieve high performance schools is fundamentally different 
from conventional practice. To be most effective, this process requires a significant commitment on the 
part of design professionals to: 

■ Meet energy and environmental performance criteria. 

■ Maintain a view of the building and site as a seamless whole within the context of its community. 

■ Work with the understanding that the building exists within the context of a natural ecosystem even 
when the setting is urban. 

■ Incorporate interdisciplinary collaboration throughout the design and construction process. 

■ Maximize student performance by keeping standards high for air quality and increasing the use of 
daylighting. 

■ Integrate all significant building design decisions and strategies — beginning no later than the 
programming phase. 
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■ Optimize design choices through simulations, models, or other design tools. 

■ Employ life-cycle cost analysis in all decision making. 

■ Design all systems to be easy to maintain and operate. 

■ Commission all building equipment and systems to assure continued optimum performance. 

■ Document high performance materials and techniques in the building so that maintenance and 
repairs can be made in accordance with the original design intent. 

■ Encourage resource-efficient construction operations and building maintenance. 

■ Provide clear guidance, documentation, and training for operation and maintenance staff. 

The typical design process for schools begins with programming and selection of the architectural- 
engineering team. It then proceeds through schematic design, design development, contract 
documents, construction, commissioning, and occupancy. The sooner high performance goals are 
considered in the design process, the easier and less costly they are to incorporate. Many of the 
guidelines presented in this document must be considered early in the design process for them to be 
successful. Figure 2 below shows a timeline through the design process and indicates the types of 
measures and design strategies that can be considered along the way. 




For best results, these high performance goals should be reflected in all aspects of project 
documentation. High performance goals established during programming should be clearly stated in the 
educational specifications, in the request for proposals (RFP) to select the design team, in the 
instructions to bidders, and as part of the project summary. These goals are best expressed in terms of 
performance. 



BEST COPY AVAILABLE 
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Integrated Design 



Integrated design is the consideration and design of all building systems and components together. It 
brings together the various disciplines involved in designing a building and reviews their 
recommendations as a whole. It recognizes that each discipline's recommendations have an impact on 
other aspects of the building project. This approach allows for optimization of both building performance 
and cost. Too often, heating, ventilation, and cooling (HVAC) systems are designed independently of 
lighting systems, for example, and lighting systems are designed without consideration of daylighting 
opportunities. The architect, mechanical engineer, electrical engineer, contractors, and other team 
members each have their scope of work and often pursue it without adequate communication and 
interaction with other team members. This can result in oversized systems or systems that are 
optimized for non-typical conditions. 

Even a small degree of integration provides some benefits. It allows professionals working in various 
disciplines to take advantage of efficiencies that are not apparent when they are working in isolation. It 
can also point out areas where trade-offs can be implemented to enhance resource efficiency. Design 
integration is the best way to avoid redundancy or conflicts with aspects of the building project planned 
by others. 

The earlier that integration is introduced in the design process, the greater the benefit. For a high 
performance school, project team collaboration and integration of design choices should begin no later 
than the programming phase. In addition, the project team is likely to be more broadly defined than in 
the past, and may include energy analysts, materials consultants, lighting designers, life-cycle cost 
consultants, and commissioning agents. Design activities may expand to include charrettes, modeling 
exercises, and simulations. 

This manual provides details and implementation rules for individual design strategies. Though these 
individual strategies can improve a building’s energy efficiency, only through whole-building analysis and 
integrated design can energy and cost concerns be balanced most effectively. 

Integrated Design and Portable 

Classrooms .. j 

Integrated design concepts should 
be used in all types of school 
construction: new buildings, 
renovations, and even portable 
classrooms. A feature of U.S. 
schools for years, portable — or 
"relocatable" — classrooms appeal to 
school districts because of their low 
initial cost and short time between 
specification and occupancy. They 
are intended to provide flexibility, 
enabling quick response to 
demographic changes and providing 

O 
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This modular relocatable structure is a prototype and contains a variety of high 
performance' features such as daylighting, high indoor air quality , significant 
energy savings, and resource efficient materials. 

NREUPIX 11440 
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the ability to be moved from one school to another as demographics change. However, in reality, 
relocatable classrooms are seldom moved and become permanent fixtures of the school. 

While most high performance strategies tend to be overlooked in portables, the effects of poor indoor 
environmental quality (IEQ) in relocatable classrooms are no different from those in permanent 
classrooms. All school buildings use similar construction and furnishing materials, so the types of 
chemicals present in indoor air are not likely to be different for relocatable versus permanent 
classrooms. However, pressed-wood products (often with high concentrations of formaldehyde) are 
used more in the factory-built relocatable units than in buildings constructed on-site. As a result, levels 
of airborne chemicals may be higher in new relocatable classrooms, especially if ventilation is reduced. 

The most common problems with relocatable classrooms include: 

■ Poorly functioning HVAC systems that provide minimal ventilation of outside air. 

■ Poor acoustics from loud ventilation systems. 

■ Chemical off-gassing from pressed wood and other high-emission materials, compounded by quick 
occupation after construction or installation of carpets. 

■ Site pollution from nearby parking lots or loading areas. 

Relocatable classrooms should be subject to the same high performance goals and concepts as the 
main school building. The solutions to these problems are the same as the recommendations 
presented in this manual for permanent structures. 
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Goals and Cross-Cutting Issues 



This manual is organized into 10 chapters that address the major high performance design goals and 
disciplines. The guidelines presented in each chapter are directed toward building schools that achieve 
the following goals, which are issues that cut across each of the major disciplines: 



Health and Indoor Air Quality (IAQ) 
Thermal Comfort 
Visual Comfort 
Acoustic Comfort 
Security and Safety 



Ecosystem Protection 
Energy Efficiency 
Water Efficiency 
Materials Efficiency 
Buildings as a Teaching Tool 



Table 1 below shows which of the goals (or cross-cutting issues) apply to each of the chapters. The rest 
of this section describes these relationships in more detail and provides checklists that summarize the 
key high performance design strategies for each discipline. 



Table 1 - Relationship Between Goals and Technical Chapters 
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Health and[ IAQ ___ 

The quality of the air inside a school is critical to 
the health and performance of children, teachers, 
and staff. A high performance school should 
provide superior quality indoor air by: eliminating 
and controlling the sources of contamination; 
providing adequate ventilation; preventing 
unwanted moisture accumulation; and 
implementing effective operation and maintenance 
procedures. 

According to the U S. Environmental Protection 
Agency (EPA), the concentration of pollutants 
inside a building may be two to five times higher 
than outside levels. Children are particularly 
vulnerable to such pollutants because their 
breathing and metabolic rates are high relative to 
their size. Maintaining a high level of IAQ is 
therefore critical for schools. Failure to do so may, 
according to the EPA, negatively impact student and teacher performance; increase the potential for long- 
and short-term health problems for students and staff; increase absenteeism; accelerate deterioration; 
reduce efficiency of the school’s physical plant; create negative publicity; and create potential liability 
problems. 



A Closer Look - Boscawen Elementary School, 

Boscawen, NH 

This 53,000 ft 2 , 420-student school north of Concord, NH is the 
first in the country to use a combined displacement and 
demand-control ventilation system to provide superior IAQ and 
thermal comfort with reduced overall energy costs. 

In this system, students and teachers are constantly 
surrounded by outside air. Stale air rises above them and is 
then vented out. None of it is recirculated. The result is a 
school with exemplary IAQ that is, at the same time, energy 
and cost efficient. 

As Dr. G. W. Porter of the New Hampshire State Department of 
Education notes, “Despite the innovative engineering, its cost 
was equal, or possibly less than, other typical schools. 
Maintenance costs, such as heating, are expected to be lower; 
and even without air-conditioning, the building will be even 
cooler in spring and fall. Air quality, a problem that’s plagued a 
number of our schools, will also be vastly improved. " 



To eliminate or control contamination, select materials that are low emitters of substances such as volatile 
organic compounds (VOCs) or toxins. Some of these building materials may be unfamiliar to custodial 
staff, so provide training to the staff, and select durable products and avoid products that unnecessarily 
complicate operation and maintenance. Any material can affect the acoustic and visual quality of a school; 
be sure to consider this when evaluating these materials. The following checklist summarizes strategies to 
improve a school’s IAQ. 



Health and IAQ Checklist 

Eliminate or control contamination at the source 

/ Require a construction IAQ plan. 

S Test the site for sources of contamination such as radon, 
hazardous waste, or fumes from nearby industrial or 
agricultural uses. 

S Locate sources of exhaust fumes (e.g., from vehicles) away 
from air intake vents. 

S Use recessed grates, " walk off ’ mats and other techniques 
to reduce dirt entering the building. 

Avoid materials that contaminate indoor air 

v' Use materials that pass the emissions limits in the 
Specifications Section 1350. 

s Specify composite wood or agrifiber products containing no 
urea-form aldehyde resins. 

Provide adequate ventilation 

S Allow adequate time for installed materials and furnishings to 
"off-gas” before the school is occupied. Run the HVAC 
system continuously at the highest possible outdoor air 
supply setting for at least 72 hours after all materials and 
furnishings have been installed. 

s Design the ventilation system to provide a minimum of 15 
cf m/person of filtered outdoor air to all occupied spaces. 



S Ensure that ventilation air is effectively delivered to and 
distributed through the rooms in a school. 

s Provide local exhaust for restrooms, kitchens, labs, janitor’s 
closets, copy rooms, and shop rooms. 

Prevent unwanted moisture accumulation 

S Design the ventilation system to maintain the indoor relative 
humidity between 30% and 50%. 

s Design to minimize water vapor condensation, especially on 
walls, the underside of roof decks, around pipes or ducts. 

s Design to keep precipitation out of the building, off the roof, 
and away from the walls. 

Operate and maintain the building effectively 

S Regularly inspect and maintain the ventilation system so that 
it continues to operate as designed. 

s Install CO 2 sensors in large assembly areas for real-time 
monitoring of air quality. 

s Minimize the use of toxic cleaning materials. 

S Use the EPA’s u Indoor Air Quality— Tools for Schools” to 
guide the operation and maintenance process. 

S Use the EPA’s "Mold Remediation in Schools and 
Commercial Buildings” to control moisture problems. 
http://www.epa.gov/iaq/molds or (800) 438-4318. 
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thermal Comfort^ 



Thermal comfort is an important variable in student 
and teacher performance. Hot, stuffy rooms — and 
cold, drafty ones — reduce attention spans and limit 
productivity. They also waste energy, adding 
unnecessary cost to a school’s bottom line. 

Excessively high humidity levels can also contribute 
to mold and mildew. Thermal comfort is primarily a 
function of the temperature and relative humidity in a 
room, but air speed and the temperature of the 
surrounding surfaces also affect it. A high 
performance school should ensure that rooms and 
HVAC systems are designed to allow temperature 
and humidity levels to remain within the “comfort 
zone” at all points in an occupied space. Thermal 
comfort guidelines are provided in the technical 
chapter on Mechanical and Ventilation Systems. 

Thermal comfort is strongly influenced by how a 
specific room is designed (for example, the amount of heat its walls and roof gain or lose, the amount of 
sunlight its windows let in, whether the windows can be opened) and by how effectively the HVAC system 
can meet the specific needs of that room. Balancing these two factors — room design and HVAC system 
design — is a back-and-forth process that continues throughout all the stages of developing a new facility. 
In a high performance school, the process ends with an optimal blend of both components: rooms 
configured for high student and teacher productivity served by an energy-efficient HVAC system designed, 
sized, and controlled to maintain thermal comfort under all conditions. 

Thermal Comfort Checklist 

Design in accordance with ASHRAE standards 

V Design systems to provide comfort in accord with American 
Society of Heating, Refrigerating and Air Conditioning 
Engineers (ASHRAE) Standard 55-1992 (with 1995 
Addenda) Thermal Environmental Conditions for Human 
Occupancy. 

S When a design incorporates natural ventilation (e.g., 
operable windows to provide direct outdoor air during 
temperate weather), consider adjusting the requirements of 
ASHRAE Standard 55-1992 to account for the impact. 

Install controls and monitor system performance 

S Install controls in each classroom to give teachers direct 
control over thermal comfort. Evaluate the potential impact 
of such controls on the overall efficiency of the HVAC 
system. 



V Consider providing a temperature and humidity monitoring 

system to ensure optimal thermal comfort performance. 

V Consider including temperature and humidity monitoring as 

part of the building’s overall energy management system. 

Analyze room and system layouts 

V Analyze room configurations and HVAC distribution layouts 

to ensure all parts of a room are receiving adequate 
ventilation. 

V Analyze placement of windows and skylights and provide 

adequate, controllable shading to avoid “hot spots ” caused 
by direct sunlight. 



A Closer Look - Designing for Thermal Comfort 

A design concept that provides superior thermal comfort 
through combining low velocity ventilation, room air 
stratification, and dehumidification cooling has been applied 
successfully at more than 20 schools in New England. This 
design approach, called The Advantage Classroom 
developed by The H. L. Turner Group in Concord, NH, 
reduces drafts and “ hot spots , " enhances efficiency and 
control by including thermostats in each room, reduces room 
noise, and ensures optimal temperature and humidity levels 
by ongoing monitohng of room conditions. 

Kim Cheney, a teacher at one school built with this design 
concept, is very satisfied with the results: “ Everything about 
it is incredible; the whiteboards eliminate chalk dust, the air 
is clean, the temperature is perfect, it's all so comfortable. In 
the old school ... we’d be really cold, but if you turned on 
the heat it would get so hot the students would get tired in 
the afternoon. In moving into the new school we went from 
the 19th century straight to the 21st. ,f 
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1 Visual Comfort __ ' 

Performing visual tasks is a central component of 
the learning process for both students and teachers. 

A high performance school should provide a rich 
visual environment — one that enhances, rather 
than hinders, learning and teaching — by carefully 
integrating natural and electric lighting strategies, by 
balancing the quantity and quality of light in each 
room, and by controlling or eliminating glare. 

Students spend much of their day engaged in visual 
tasks — writing, reading printed material, reading 
from visual display terminals, or reading from 
blackboards, whiteboards, and overheads. They 
must constantly adjust their vision from a “heads-up” 
to "heads-down” position and back again. 

Inadequate lighting and/or glare can seriously affect 
a student’s ability to learn. On the other hand, a 
comfortable, productive visual environment — one 
that takes into account more than simply the amount of light hitting the desktop — will enhance the 
learning experience for both students and teachers. 

Visual comfort results from a well-designed, well-integrated combination of natural and artificial lighting 
systems. Any strategy for enhancing the visual environment will therefore strongly affect the size and 
configuration of both these systems (for example, number, type, and placement of windows; number, type, 
and placement of light fixtures; etc.). The final configurations will, in turn, affect a school’s HVAC systems. 

An optimized overall design will provide a high quality luminous environment and will use daylight 
effectively to reduce the need for artificial lighting. Less artificial lighting means lower electricity bills and 
less waste heat that, in turn, means less demand for cooling and lower HVAC operating expenses. 



A Closer Look - Durant Road Middle School, Wake 
County, NC 

Daylighting and electric lighting are seamlessly integrated in 
this 1,300-student school in Raleigh, NC. The design team 
repeatedly analyzed the interactions between the size and 
location of the roof monitors; the size and configuration of 
the electric lighting fixtures; the color and reflectance of the 
walls, floor, and ceiling; and the amount of light hitting the 
desks. 

“We worked the problem using computer simulation tools 
until we had just the right combination. The result is a group 
of classrooms that are bright, fun places to be; that rely on 
natural sunlight for the bulk of their lighting needs; that 
virtually eliminate glare; and that save the school money on 
energy; all at the same time, ” notes Mike Nicklas, chief 
architect for the project. 

Because of the school’s exceptional day lighting design, it 
was featured on CNN’s “Science and Technology Week ” 
series. 



Visual Comfort Checklist 

Integrate natural and artificial lighting strategies 

s Take the amount of daylight entering a room into account 
when designing and sizing the artificial lighting system for 
that room. 

S provide controls that turn off lights when sufficient daylight 
exists. 

S Consider dimming controls that continuously adjust lighting 
levels to respond to daylight conditions. 

Balance the quantity and quality of light in each room 

S Avoid excessively high horizontal light levels. 

s Use the revised 9th edition of the Illuminating Engineering 
Society of North America (lESNA)’s Lighting Handbook: 
Design and Application as a guide. 

s Design for “ uniformity with flexibility. ” 

s Illuminate spaces as uniformly as possible, avoiding 
shadows or sharp distinctions between dark and light. 

s Provide task or accent lighting to meet specific needs (e.g., 
display areas, whiteboards, team areas). 



s Develop individual lighting strategies for individual rooms or 
room types (e.g., classrooms, hallways, cafeteria, library, 
etc.). Avoid “one size fits all” approaches. 

Control or eliminate glare 

S Consider how light sources in a room will affect work 
surfaces. Design to avoid direct glare (from sources in 
front or to the side of a work area), overhead glare (from 
sources above the work area), and reflected glare (from 
highly reflective surfaces, including glossy paper and 
computer terminals). 

S Consider increasing the brightness of surrounding surfaces, 
decreasing the brightness of light sources, or both as 
control methods. 

S Consider interior (shades, louvers, blinds) or exterior 

(overhangs, trees) strategies to filter daylight and control 
glare from sunlight. 
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Acoustic Comfort 

Parents, students, teachers, and administrators 
across the country are increasingly concerned that 
classroom acoustics are inadequate for proper 
learning. Noise from outside the school (from 
vehicles and airplanes, for example), hallways (foot 
traffic and conversation), other classrooms 
(amplified sound systems and inadequate sound 
transmission loss), mechanical equipment 
(compressors, boilers, and ventilation systems), and 
even noise from inside the classroom itself 
(reverberation) can hamper students’ concentration. 

Trying to hear in a poor acoustical environment is like trying to read in a room with poor lighting: stress 
increases, concentration decreases, and learning is impaired. This is especially true for younger students 
(the ability to sort meaningful sounds from noise is not fully developed until children reach their teens), 
those for whom English is a second language, and those with hearing impairments. Although little 
consideration has historically been given to acoustic design in classrooms — as opposed to lighting and 
ventilation — this situation is beginning to change. The information and tools needed to design classrooms 
for high acoustical performance now exist. They can be used to ensure that any newly constructed 
classroom provides an acoustic environment that positively enhances the learning experience for students 
and teachers. 

Acoustic Comfort Checklist 

Ensure a superior acoustical environment 

S Reduce sound reverberation time inside the classroom, 
s Limit transmission of noise from outside the classroom, 
s Minimize background noise from the building's HVAC system. 



A Cioser Look - Sterling Montessori Academy, 
Morrisville, NC 

The roof monitors that bring daylight into the classrooms of 
this 200-student elementary school in a Raleigh , A/C, suburb 
provide an added benefit: improved acoustics. The large, 
open space under the monitors, plus the baffles used to 
control glare, help dampen sound throughout the classroom. 
The result is an improved environment for teaching and 
learning. 

Though day lighting was expected to be the most noticeable 
change for teachers and students, one teacher said the 
improved acoustics was the best feature. 



17 



NATIONAL BEST PRACTICES MANUAL INTRODUCTION PAGE 10 



